A group of staphylococcal isolates for which oxacillin MICs were intermediate (1 to 4 ,ug/ml) were studied to establish the role of f-lactamase in this phenomenon. MICs and MBCs of oxacillin and penicillin with and without clavulanic acid or sulbactam (4 or 16 ,ug/ml, respectively) were determined for 11 Staphylococcus aureus and 2 coagulase-negative Staphylococcus isolates for which oxacillin MICs were 1 to 4 ,ug/ml. The susceptibility studies were done with incubation at 35 and 30°C, and the MICs were read at 24 and 48 h. Of the 13 isolates, 4 became resistant when longer incubation or 30°C incubation was used, and the MICs for 9 remained in the intermediate range. Only three of these strains were susceptible to penicillin, and jI-lactamase was not detected. For 6 of 10 P-lactamase-positive strains, there was a greater-than-twofold-dilution reduction in oxacillin MICs with the addition of clavulanic acid or sulbactam. Of the four strains that became resistant with incubation at the lower temperature, a clavulanic acid effect was observed in three but only at 35°C. The oxacillin MIC for one of the ,-lactamase-negative strains was also reduced with clavulanic acid; however, this strain was inhibited by 1 ,ug of clavulanic acid per ml alone. Bactericidal activity was observed with two or four times the oxacillin MIC in eight strains tested at both temperatures, and the combination with clavulanic acid was bactericidal at higher than four times the MIC in five of the strains at 30°C. Our results suggest that oxacillin intermediate MICs for staphylococcal isolates are due not only to P-lactamase hyperproduction but also to some other unidentified factor. The reduction in oxacillin MIC observed when clavulanic acid was added to one strain was probably due to the intrinsic inhibitory activity of clavulanic acid.
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Strains of Staphylococcus aureus for which oxacillin
MICs are 1 to 2 ,g/ml have been called acquired resistant, borderline, or partial borderline susceptible by McDougal and Thornsberry (8) . In their studies, MICs for oxacillinsusceptible strains of S. aureus were c0.5 jig/ml. This phenomenon is thought to be mediated by production of ,-lactamase in sufficiently high quantity to hydrolyze the penicillinase-resistant penicillins (8) . In contrast, the resistance in intrinsically resistant staphylococci is not caused by P-lactamase production but is due to the presence of a penicillin-binding protein, called 2' or 2a, which has very low affinity for oxacillin (3) (4) (5) . ,-Lactam antibiotics are generally ineffective in treating infections caused by intrinsically resistant S. aureus (1, 6) , and vancomycin remains the drug of choice in such cases (15) . Not enough information is available yet on whether borderline-susceptible staphylococci should be considered similar to intrinsically resistant staphylococci for purposes of treatment or whether ,-lactam antibiotics can be used; most authors, however, agree at this time that these organisms should be considered oxacillin resistant and treated with vancomycin (8 j8-Lactamase determination. P-Lactamase production was determined by using nitrocephin disks (BBL Microbiology Systems, Cockeysville, Md.) and iodometric methods (11, 13) with colonies growing at the zone of inhibition surrounding cephalothin (30 ,ug) and oxacillin (1 ,g) disks.
RESULTS
For four of the strains for which oxacillin MICs originally were 1 to 4 pug/ml, MICs were found to be >4 ,ug/ml when the strains were incubated at 30°C with 2% NaCl (Table 1) . Another eight strains remained in the intermediate range with low incubation temperature, salt supplementation, and 48 h of incubation. For two of these strains, however, oxacillin MICs did increase to >8 ,g/ml when the high inoculum was used. For one strain (no. 2) for which the initial oxacillin MIC was 1 ,ug/ml, the MIC was 0.5 pug/ml upon retesting at 35°C; however, since the oxacillin MIC for this strain was 1 ,ug/ml with the direct inoculum, the strain was retained in the study. Oxacillin MICs derived from an inoculum prepared directly from overnight growth on agar were the same for four strains, 1 dilution higher for seven strains, and 1 dilution lower for one strain compared with MICs derived from mid-logarithmic-phase inocula ( Table 2) . P-Lactamase was detected in 10 of the 13 strains. Both the nitrocephin and iodometric methods failed to detect ,3-lactamase in the other three strains for which penicillin MICs were between 0.06 and 0.125 ,ug/ml.
MICs for the 10 P-lactamase-producing strains are shown in Table 1 . The four strains for which oxacillin MICs were >4 ,ug/ml at 30°C were not tested with the high inoculum. Oxacillin MICs for the other six strains ranged from 0.5 to 4 ,ug/ml with an inoculum of 5 MICs for the three P-lactamase-negative strains are shown in Table 3 . All were susceptible to penicillin (MICs of 0.06 to 0.125 pug/ml), and the oxacillin MICs were between 1 and 4 ,ug/ml at both temperatures with the standard inoculum. For one strain of this group, the oxacillin MIC increased to 16 ,ug/ml when the high inoculum was used. One of these strains showed an unexpected substantial decrease in oxacillin MICs when clavulanic acid was added; however, when this strain was tested against clavulanic acid alone, the MIC was 1 jig/ml. Bactericidal activity was observed with two or four times the oxacillin MIC in eight strains at both 30 and 35°C. MBC/ MIC ratios for these strains are shown in Table 4 . The combination of oxacillin and clavulanic acid was bactericidal at higher than four times the MIC for five of the strains at 300C.
By the agar screen test, all strains were susceptible. The results of the disk diffusion tests are shown in We studied staphylococcal strains for which oxacillin MICs are intermediate (1 to 4 ,ug/ml), some of which, according to NCCLS, would be considered susceptible (c2 ,ug/ml) and others resistant (. 4 ,ug/ml), with the purpose of defining whether excess P-lactamase production was responsible for this phenomenon, as has been previously described by McDougal and Thornsberry (8) . We found that 4 of the 13 staphylococcal strains for which oxacillin MICs were initially intermediate became resistant when a lower temperature (i.e., 30°C) or longer incubation time was used and that MICs for the other 9 remained in the intermediate range. The effect of lower temperature or prolonged incubation on increasing detection of resistance in four strains could be due to one of two factors: larger amounts of P-lactamase produced under these conditions or growth of a small number of resistant subpopulations of bacteria. The latter factor is more likely, because an effect of clavulanic acid on oxacillin MICs was observed only at 35°C in three of the strains. When those three strains were incubated at 30°C and the oxacillin MICs increased to resistant ranges, no effect of clavulanic acid on oxacillin MICs was seen, which suggests that P-lactamase is responsible for the intermediate oxacillin MICs observed at 35°C but not for the increased MICs observed at 30°C. That ,B-lactamase inhibitors are inactivated at the lower temperature is unlikely, because the effect of P-lactamase inhibitors on penicillin activity was still seen under these conditions (Table 1 ).
In the group of nine strains for which oxacillin MICs were intermediate despite all conditions used, ,-lactamase was not detected by using nitrocephin disks or iodometric methods in three strains. These three strains were susceptible to penicillin, which confirmed that no or very little ,B-lactamase was produced by them. Clavulanic acid did not affect the oxacillin MICs for these strains except for one (no. 8) that was susceptible to clavulanic acid alone.
A significant effect of clavulanic acid on oxacillin MICs (greater-than-twofold reduction) was seen in only 6 of the 10 ,-lactamase-positive strains (3 that remained intermediate and 3 that became resistant with lower-temperature incubation). In the other four P-lactamase-positive strains, addition of P-lactamase inhibitors did not affect the oxacillin MICs at either temperature, which suggests that mechanisms other than 3-lactamase production may be responsible for this phenomenon.
A poor correlation was found among results obtained by the disk diffusion, microdilution, and agar screen tests. Whereas by agar screen all strains were susceptible, by disk diffusion four were resistant and three were intermediate. On the basis of NCCLS breakpoints, the microdilution method yielded 7 susceptible and 6 resistant strains with the direct inoculum and 12 susceptible and 1 resistant strain with the mid-log-phase inoculum. The discrepancies observed when testing these strains are probably responsible for reported differences among different methods (P. J. Taylor, P. C. Appelbaum, B. Bixler, K. Todd, and S. L. Hansen, Abstr. Annu. Meet. Am. Soc. Microbiol. 1988, C319, p. 385).
Our findings suggest that staphylococci for which oxacillin MICs are intermediate (1 to 4 ,ug/ml) can have different mechanisms of resistance. Some of those tested in this study became resistant upon exposure to lower temperature or longer incubation. These strains (nos. 1, 6 and 10) would be called susceptible if incubated at 35°C but resistant if incubated at 30°C. As mentioned above, they are probably heteroresistant organisms; however, the clinical significance ANTIMICROB. AGENTS CHEMOTHER. For another group of P-lactamase-positive strains, penicillin MICs may or may not be so high, P-lactamase is detected easily, and penicillin but not oxacillin MICs decrease with addition of clavulanic acid. These observations suggest that inactivation of penicillinase-resistant penicillins by P-lactamase is probably not the only mechanism that explains oxacillin intermediate MICs.
Although our data suggest that mechanisms other than P-lactamase production are involved in the phenomenon of oxacillin intermediate MICs, the nature of these mechanisms remains to be clarified. It is possible that penicillin-binding proteins with low affinity to oxacillin, like those found in oxacillin-resistant S. aureus (3) (4) (5) , are present in some of these strains, especially those that are 1-lactamase negative and those for which oxacillin MICs do not change in the presence of P-lactamase inhibitors. However, this hypothesis remains to be tested by appropriate studies. Moreover, the reason why they do not express fully the resistant phenotype is unclear. Even if penicillin-binding protein 2a could be detected in some of these organisms, the organisms would still differ from the typical oxacillin-resistant staphylococci in important characteristics, such as their susceptibilities to clindamycin, erythromycin, and imipenem (data not shown). Until experimental studies address the question of whether infections caused by these organisms can be treated with penicillinase-resistant penicillins or alternative antibiotics with in vitro activity, we believe that these strains should be considered resistant by clinical laboratories. It is possible that eventually a new category will need to be created because these strains are not typical oxacillin-resistant staphylococci, yet they do not exhibit full in vitro susceptibility to oxacillin. It is therefore likely that in clinical situations in which high bactericidal titers of antibiotics are needed, oxacillin will be less effective against these groups of strains than are other antistaphylococcal antibiotics.
